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Introduction: Presolar graphite was isolated from
the Murchison meteorite [1] only 3 years after the dis-
covery of presolar SiC [2]. Yet it has not been studied
as extensively as SiC. One of the reasons is that trace
element concentrations in graphite grains are, in gen-
eral, not high enough to perform isotopic analysis with
sufficient precision. A new type of ion microprobe, the
NanoSIMS, has recently been installed at Washington
University in St. Louis. Its high sensitivity at high-
mass resolution and its multi-detection capability [3]
make it possible to measure isotopic ratios of trace
elements with unprecedented precision. We have pre-
viously reported C, N, O, and Si isotopic ratios of
graphite from the Murchison KFA1 separate (2.05-
2.10g/cm3) [4]. We extended our studies to Mg-Al, K,
Ca, and Ti in the same KFA1 graphite grains that we
had previously analyzed in order to obtain correlated
isotopic ratios.

Experimental Procedures: The measurements
were made with the NanoSIMS at Washington Univer-
sity. We analyzed Mg-Al ratios in 75 grains, K-Ca
isotopes in 24 grains, and Ti isotopes in 32 grains. An
O primary beam was rastered over a 3x3 qu area on
the grains. For Mg-Al analysis, ct Mg, PMy,

Mg and “'Al" were simultaneously collected with
five small electron multipliers. Potassium and Ca iso-
topic analysis was performed in the combined analysis
mode, which uses magnetic peak jumping 1151 connec-
£i10n+\x113th rpulti-dgte(.:}ion. In the first step, 'C, 'K,
40K ) 42Ca ) a41}d +T1 vxi‘eszre+measured, in the second

Ca,"Ca,"Ca,and"Ti after changing the mag-
netic field and deflection voltages of the electron mul-
tipliers. Titanium_isotopes were also analyzed in the
combined mode: IZC; 46Ti+f 11, °Ti, and °Cr" in the
first step and *'Ti", “Ti", >'V*, and *Cr" in the second
step. Murchison matrix was used as standard for Mg
and K, and a mixture of perovskite and chromite was
used for Ca, Ti and Cr as well as for centering >'V.

Results and Discussion; Mg-Al. *°Al/*’Al ratios
were calculated from ‘°Mg excesses, where
8°Mg/**Mg values were subtracted from §**Mg/**Mg
values under the assumption that nuclear processes
(such as neutron capture) would produce approxi-
mately equal excesses in the neutron-rich Mg isotopes
[5-8]. OF 22 grains with detectable *SAl, 14 grains have
inferred “°Al/’Al ratios higher than 1x107 11 of those
have "?C/"C ratios lower than solar (Fig. 1). Interest-
ingly, also higher 8”Mg/**Mg values are observed in
grains with '“C/"’C ratios lower than solar (Fijg. 2).
This is puzzling because grains with high '>C/"C ra-
tios, which are likely to be of a supernova origin, are
expected to have high 8 Mg/°*Mg values: in the He/N
zone of supernovae [5, 6], 5l\gg 11§ destroyed via the

Mg(p,y)” Al reaction and the “C/"C ratio is expected
to be low (8 for 15Mg supernovae) due to the CNO
cycle, while in the He/C zone as well as in the O/C and

Q/NS zones “’Mg is produced by neutron capture. ThSe

C/~C ratio in the He/C zone is extremely high (107)
due to the triple-areaction. Thus, to obtain lower
2C/"C ratios, material from the He/N zone had to be
incorporated into the mix from which the grains
formed gf thezy indeed formed in supernovae), bringing
down 8~ Mg/"*Mg values. On the other hand, in AGB
(asymptotic giant branch) stars, Mg and '°C that are
produced in the He-burning zone are brought into the
envelope during third dredge-up episodes [7, 8]. Thus,
in both types of stellar sources ~Mg/**Mg and *C/"C
ratios are expected to be positively correlated.

Ca. Unfortunately, for unknown reasons the ana-
lyzed mount was heavily contaminated and isotopi-
cally anomalous Ca in some of the grains was un-
doubtedly swamped by normal Ca. Nonetheless, 14
grains turnegti2 out to be anoralflous. Seven gragls have
excesses in Ca, Ca, and ""Ca, 2 grains in ~Ca and
*Ca. The highest 8”Ca/*Ca value is 691+50%o. Three
grains have deficits in “*Ca and one of the three in *’Ca
as well. Eight grains show evidence for the initial pres-
elnce400f short-lived *'Ca from “I% excesses; inferred

Ca/""Ca ratios range from 1x10™ to 8x10~. Because
of the high level of the Ca contamination, these ratios
should be regarded as lower limits.

Ti. Ti analysis was also hindered by Ca and Cr
contamination. Many grains have lower than solar ap-
parent *'Ti/**Ti ratios, but this is a result of large *Ca’
interferences with “Ti". Since we did not measure “’Ca
during the Ti isotopic analxsis, we tried to correct for
the **Ca’" interference from *’Ca counts obtained during
the K-Ca analysis and by assuming the **Ca/*’Ca ratio
to be solar. We discarded the data if the inferred
*Ca/*Ti ratio was larger than 0.1. Of the 24 grains,
only 7 grains had acceptably low **Ca/*Ti ratios. If no
K-Ca analysis was made, grains with large negative
8Y'Ti/**Ti values (-240 to —60%o) were also discarded.
Because of the large ’Cr interference we could not
determine *°Ti/*Ti ratios.

All 7 grains with anomalous Ti have *Ti excesses
ranging up to 1500%o. One of them shows a V-shape
isotopic pattern when normalized to **Ti, with about
equal amounts of excesses in_"°Ti and “’Ti (1200 and
1500%o). Another grain has a *'Ti excess of 180%o.

Stellar Sources. Because of the contamination, we
are certain that at least Si and Ca isotopic ratios of the
KFAL1 grains in this mount have to be regarded as up-
per or lower limits, depending on the anomalies. With
this constraint in mind, we consider stellar sources of
KFAT1 graphite.

Low-density graphite grains from Murchison sepa-
rate KE3 (1.65-1.72g/cm’) have been most extensively
studied among the graphite fractions from this meteor-
ite [9]. Many KE3 grains have '*O and **Si excesses
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and a few grams show evidence for the initial presence
of short-lived **Ti (from large *‘Ca excesses). Those . o
isotopic features indicate that they formed in super- ©  KFAle (this study) upper limit
nova ejecta. Some of the KFA1 grains have "*O and - KFAL (previous study)’)

Si excesses, similar to KE3 grains. A supernova ori-
gin can be assigned to these grains. 1E+05

solar

Of 43 gralns analyzed for O 1sotoplc ratios, 22
grains are O r1ch with '*0/'°0 ratios down to ] I
0.75xsolar and '"0/'°O ratios down to 0.68xsolar. In 1E'1'§ 600D g 3
the early Galaxy, isotopes made from o particles such 3 ® @& (@] F

O (primary isotopes), were enriched relative to 1 ° @ -
those produced from primary isotopes (secondary iso- 1E-25 o % L) 3
topes). Oxygen in the envelope in low-mass low- 3 B £
metallicity stars, which were born in the early stages of
the Galaxy, are predlcted to be '°O-rich, even after the
first dredge-up, and the subsequent evolution of the
star does not change the O isotopic composmon sig- ]
nificantly [10]. ">C/"C ratios of the '°O-rich grains 1 )
range from 3.5 to 1400. If these grains were produced 1E-4
in low-mass low-metallicity stars and the stars experi- E
enced third dredge-up episodes, Ry Mg/ ‘Mg and 1 |:|g 1[
b 081/2881 3Values of the grains should increase along 1E-5
with *C/"C ratios. However, a negative correlation is TR 1Eso
observed between °C/"C ratios and & Mg/ Mg val- 1E+0 1E+1 12C1§1+32C 1E+3 14
ues (Fig. 2), contrary to what is expected if the grains
formed in AGB stars. A better test would be to check
whether there exists any correlation between Si and Ti BOOd— it g
isotopic ratios, because such a correlation has been
observed in grains of an AGB star origin [11]. How- 7 0)
ever, Ti data in many grains are of no use due to the 400
overwhelming *Ca interference with *Ti.

@)
(@)

26A1/27A]
=
m
X
1

an BP0
o
T

solar

“'Ca/*’Ca ratios in the envelope of AGB stars are
expected to be on the order of 10™ [12] while those in
the He/C, O/C and the other O-rich zones of superno-
vae range up to 0.02 [5, 6]. The observed ratios in the
grains are thus consistent with a supernova origin.
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In summary, some of the KFA1 grains most likely
have formed in supernovae. However, we are not able
to infer any other stellar sources, partly because of the
high level of contamination of the mount. In the future,
we hope to analyze clean mounts to better understand
the origin of the KFA1 graphite grains.
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